Abstract. The potential value of microRNAs as new biomarkers for pancreatic cancer (PCa) screening was explored in this study. Fecal microRNAs from stool samples obtained from 29 PCa patients, 22 chronic pancreatitis (CP) patients and 13 normal individuals were extracted, and 7 microRNAs (miR-16, miR-21, miR-155, miR-181a, miR-181b, miR-196a and miR-210) were detected. miR-181b and miR-210 discriminated PCa from normal individuals with receiver operating characteristic (ROC) curves and area under curve (AUC-ROC) of 0.745 and 0.772, respectively. There was a significant correlation between miR-196a and the maximum tumor diameter (Spearman r=0.516, P=0.041). These findings suggest that fecal microRNAs such as miR-181b and miR-210 may have potential to be used as new biomarkers for PCa screening.
Introduction
Pancreatic cancer (PCa), which affects a dramatically increasing number of patients in recent years, is a highly malignant tumor with few treatment options available for patients with the disease. It is notorious for its late presentation, early and aggressive local invasion, metastatic potential and poor outcome (1) . Only 20% of PCas are amenable to surgical resection at presentation (2) and despite the medical advances made over the last 20 years, PCa appears to have benefited the least in terms of survival. The main approach to improved prognosis of PCa is to develop new screening methods and identify novel biomarkers for the early detection of PCa.
microRNAs are a class of small non-coding RNAs encoded in the genomes of animals and plants (3) (4) (5) (6) , which play an important role in targeting messages of protein-coding genes for cleavage or translational repression (7) (8) (9) . The active microRNA products, ~22 nt in length, are formed from larger 60-110 nt hairpin precursor transcripts that serve as substrates for the double-stranded RNA endoribonuclease dicer (8) . Recent studies indicate that microRNAs are mechanistically involved in the development of various human malignancies, suggesting that they represent a promising new class of cancer biomarkers. One of the most exciting biological features of microRNAs compared with mRNA is that they present a very stable form in different clinical samples such as serum, plasma, urine, and stool, because their small sizes are well protected from endogenous degradation (10) (11) (12) . Recent studies have revealed that the expression patterns of microRNAs are a richer source of pathognomonic tumor information as compared with mRNA expression profiles (13) . Furthermore, the expression patterns of microRNAs are unique to each tumor type and to their tissue of origin (13) (14) (15) (16) (17) (18) (19) . Recently, several microRNAs in urinary samples of bladder cancer patients (20) and in the stool of colorectal cancer patients (21) were investigated to assess their diagnostic value. These findings raise the possibility that microRNAs in the stool may be used as novel non-invasive molecular markers for the early detection of PCa. However, there has been no report that explores this possibility. Therefore, the present study was carried out to determine whether fecal microRNAs can be used as biomarkers for early PCa diagnosis.
Materials and methods
Clinical samples. A total of 51 patients with PCa (n=29) or chronic pancreatitis (CP) (n=22) admitted to Changhai Hospital affiliated to The Second Military Medical University from 2008 to 2010 were included in this study. Each stool sample (200 mg) was homogenized with buffer RPL (E.Z.N.A. RNA Stool kit; Omega, Guangzhou, China) and then kept at -80˚C until used for the detection of microRNAs. Patient clinicopathological data included age, gender, weight, smoking index, pancreatic ductal diameter, fasting blood glucose, serum levels of carbohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyl transpeptidase (r-GT), bilirubin, leukocyte (WBC), neutrophils, and clinical stage. The diagnosis of PCa was confirmed based on histological examination of surgically resected tissue specimens (n=2), and unequivocal histo/cytopathologic examination of EUS-FNAB (n=14), or the clinical integrated diagnostics criteria (such as clinical course, diagnostic imaging, serum CEA and CA19-9) combined with a long-term follow-up (ranging from 3 to 19 months) (n=13). The diagnoses of CP were confirmed based on imaging features, clinical integrated diagnostic criteria and long-term follow-up. Definitions and criteria in this article followed the General Rules for the Study of PCa, published by the Japan Pancreas Society (22) .
In addition, the stool samples obtained from 13 healthy staff were used as a normal control. All patients and healthy volunteers provided written informed consent, and the study was approved by the Institutional Review Board.
RNA isolation. During the study time, 200 mg of stool was collected from each of the subjects and homogenized with buffer RPL and then stored at -80˚C in a freezer. Then, the stored stool samples were used for extraction of total-RNA (including microRNAs) by using the E.Z.N.A. stool RNA kit, according to the manufacturer's instructions and performed as described previously (23) . Briefly, an equal volume of acidic phenol, chloroform was added to the homogenized samples, and the aqueous phase was loaded onto the HiBind RNA membrane after the addition of the buffer RB and absolute ethanol. Finally, RNA was finally eluted in 100 µl buffer AE. The concentrations of all RNA samples were quantified by the NanoDrop ND-1000 (NanoDrop, Wilmington, DE, USA).
microRNA selection and detection. Six microRNAs (miR-21, miR-155, miR-181a, miR-181b, miR-196a and miR-210) know to be related to PCa were selected to detect the relative abundance in the stool due to two previous studies (24, 25) , while miR-16 was conjectured as a normalizer according to Link et al (21) . Quantification of microRNAs was performed using TaqMan microRNA assay (Applied Biosystems, CA, USA). Briefly, 1 µl total-RNA was mixed with the TaqMan microRNA Reverse Transcription kit (Applied Biosystems), which contained 1 µl RNA, 1 mmol/l of each deoxyribonucleotide triphosphate, 50 units of MultiScribe reverse transcriptase, 1X reaction buffer, 4 units RNase inhibitor, and 1X gene-specific primer, and then nuclease-free H 2 O was added to a final volume of 15 µl. The reaction program was at 16˚C for 30 min, followed by an incubation step at 42˚C for 30 min. The enzyme was inactivated at 85˚C for 5 min. Then, 2 µl of the cDNA solution was amplified using 10 µl TaqMan Universal PCR Master Mix (Applied Biosystems), 1 µl gene-specific primers/probe, and nuclease-free H 2 O in a final volume of 20 µl. The quantitative PCR was run on a 7500 HT quantitative PCR machine (Applied Biosystems) using a two-step PCR protocol with an initial denaturation step at 95˚C for 10 min, followed by 55 cycles with a denaturation step at 95˚C for 15 sec, and an annealing/ elongation step at 60˚C for 60 sec. The cycle threshold (Ct) values were calculated with the SDS 2.1 software (Applied Biosystems). All reactions were run in triplicate.
The reliability of the normalizer, miR-16, was validated by Genorm software (18) , which is able to determine the most stable gene expressed after input of all Ct-value data of the participant genes. The pool of fecal total-RNAs including microRNAs from 10 normal subjects which were selected from the 13 healthy staff members was referred as the control for calculation. The relative microRNA abundance was determined as below:
Statistical analysis. After the homogeneity test of variance was verified, the differences between the groups were analyzed using one-way ANOVA, post hoc multiple comparisons LSD test. The reproducibility of RNA extraction and microRNA detection was analyzed by linear correlation. AUC-ROC with 95% confidence interval (95% CI) were established for microRNAs in discriminating the different subject groups. The relationships of the microRNAs with the patient clinical characteristics were analyzed by Spearman for categorical items or Pearson for quantitative data. All data analyses were conducted with SPSS software (version 11.0). All P-values were two-sided, and a P-value of less than 0.05 was considered to indicate statistical significance.
Results

Reproducibility of extraction and detection of fecal microRNAs.
Clinical and demographical data of the patients are presented in Table I . RNA concentrations in the stool samples ranged from 386.3 to 3,399.9 ng/µl. To assess the reproducibility of the methodology for microRNA extraction and detection, we repeated these procedures in a subset of 6 stool samples from three PCa and three CP patients at 6-month intervals. As showed in Fig. 1 , there was a high linear correlation in amounts of the fecal total-RNA (R 2 =0.998, P<0.001, Fig. 1A ) and miR-16 detection (R 2 =0.988, P<0.001, Fig. 1B ) between the two independent extraction procedures, indicating that the methods for the fecal total-RNA extraction and detection were highly reproducible.
Comparison of microRNA profiles in stool samples among the three groups of subjects. As showed in Fig. 2 , miR-16 was validated as a normalizer by Genorm software. With miR-16 as a normalizer, the relative abundances of miR-181b, miR-196a, miR-210, miR-155, miR-181a and miR-21 were determined. It was observed that the relative abundances of miR-181b, miR196a and miR-210 were significantly greater in the PCa group than in the normal group (P=0.033, P=0.043 and P=0.011, respectively) (Fig. 3) . In addition, the relative abundances of miR-181b and miR-210 appeared to be greater in the CP group than in the normal group although the difference was not statis- . Box-plot of the relative abundances of fecal miR-21, miR-155, miR-181a, miR-181b, miR-196a and miR-210 in the stool samples from healthy staff members (n=13), patients with CP (n=22) and pancreatic cancer (PCa) (n=29). The upper and lower limits of the boxes and the lines across the boxes indicate the 75th and 25th percentiles and median, respectively. Error bars indicate the 90th and 10th percentiles. After the homogeneity tests of variances were equal in the three groups, the differences among the groups were analyzed using one-way ANOVA: post hoc multiple comparisons LSD test. tically significant (P= 0.088 and P= 0.053, respectively); there was no difference between the PCa and CP groups. Concerning miR-155, miR-181a and miR-21, no differences in their relative abundances were also found among the three groups.
Diagnostic performance of fecal microRNAs. As showed in Table II and Fig. 4 , the ability of miR181b, miR-196a and miR-210 to diagnose different pancreatic diseases was evaluated by ROC curves. Only miR181b and miR-210 had Table II . Receiver operating characteristic analysis of the relative abundances of fecal miR-181b, miR-196a and miR-210 for differentiating among patients with pancreatic cancer (PCa), those with chronic pancreatitis (CP) and normal subjects. 
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(n=29) mean ± SD P-value (r) mean ± SD P-value (r) mean ± SD P-value (r) Table III shows the correlations between the relative abundances of miR-181b, miR-196a and miR-210 and clinical characteristics of the PCa patients. The clinical data included patient age, gender, weight, smoking index, the maximum diameter of the tumor, the diameter of the pancreatic duct, TNM stage, clinical stage, the levels of serum CEA, CA19-9, ALT, AST, r-GT, bilirubin, WBC and fasting blood glucose. Only a positive correlation between miR-196a and the maximum diameter of the tumor was observed (Spearman r=0.516, P=0.041). No significant correlations were found between miR-181b or miR-210 and any clinical characteristics.
Correlation of fecal microRNAs with clinical characteristics of the PCa patients.
Discussion
In recent years, several studies have shown that certain microRNAs are aberrantly expressed in human malignancies (26) , indicating that a new class of cancer biomarkers could be explored for early diagnosis of cancers. Here, the present study showed that aberrant expression of microRNAs in stool samples was a potential biomarker for the screening and diagnosis of PCa. First, it was demonstrated that the methodology used for the preparation of the microRNAs from stool samples, even those stored in a freezer for up to 2 years, was feasible, convenient and reproducible, and the amounts of microRNAs detected by TaqMan PCR between intra-individuals was consistent. Second, fecal miR-181b, miR-196a and miR-210 were identified to have significant power in differentiating PCa patients from normal subjects, although their ability in discriminating PCa from CP was not found in this study. These findings showed the potential value of microRNAs in stool samples as a new biomarker for PCa screening. Several studies have shown that unique microRNA expression profiles are present in a number of human cancers such as cancers of the breast, lung, esophagus, prostate and pancreas, and differential expression profiles of microRNAs correlate with important histopathological features including tumor stage, proliferative capacity and vascular invasion (27) . With regard to PCa, varying expression profiles of a number of microRNAs distinguishing malignant lesions from normal pancreatic tissue and CP have also been reported (17, 28, 29) . However, none of these varying expression profiles of microRNAs has been detected in stool samples. In the present study, a panel of six microRNAs (miR-21, miR-155, miR-181a, miR-181b, miR-196a and miR-210) was selected to investigate their expression in the stool samples. As a result, only miR-181b, miR-196a and miR-210 showed significantly aberrant expression in stool of PCa patients, compared with that in the stool of normal subjects.
These microRNAs were selected in our study according to findings in previous studies (17, 24, 25, 28, (30) (31) (32) (33) . Earlier, Lee et al (25) reported that the expression of mature miR-21, miR-155, miR-181a and their precursors was higher in PCa tissues than in adjacent benign tissues and normal pancreas specimens. Roldo et al (17) reported that the overexpression of miR-21 was strongly associated with both an increased Ki67 proliferation index and liver metastasis of PCa, and Dillhoff et al (24) showed that miR-21 was a potential predictor for poor survival of node-negative PCa patients. Bloomston et al (28) observed that, among the six microRNAs included in the present study, five (miR-21, miR-155, miR-181a, miR-181b and miR-210) were upregulated in PCa tissues compared with matched adjacent benign tissues and CP tissues but miR-196a did not help differentiate PCas from normal pancreas or CP while miR-196a as a predictor for survival and progression was proposed by studies of Zhang et al (33) and Szafranska et al (32) . Furthermore, Greither et al (30) reported that the expression levels of miR-155 and miR-210 were higher in pancreatic tumor tissues compared to normal tissues and significantly correlated with poorer overall survival. Recently, Mardin et al (31) , in a relevant review of PCa tissue-specific microRNAs, recommended that the six selected target microRNAs, which were overexpressed in PCa tissues vs. normal tissues and CP tissues, were to be further evaluated as targets for diagnosis and therapeutics.
It is noted in the present study that the fecal microRNA signature was not fully consistent with that of solid tumors. In the present study, only miR-181b, miR-196a and miR-210 expression levels were significantly higher in the stool of the PCa group compared with the normal group. A similar result was also observed in our previous study (34) , in which eight PCa tissue-specific microRNAs (miR-155, miR-16, miR-181a, miR-181b, miR-21, miR-196a, miR-222 and miR-221) were detected in the serum samples of PCa patients, but only three microRNAs (miR-21, miR-155 and miR-196a) were found to be overexpressed in patients with pancreatic diseases (including PCa and CP) compared with normal subjects. We hypothesize that there are two sources for microRNAs in stool samples: one from the tumor cells exfoliated from the tumor masses which are leaked into the digestive tract along with the pancreatic juice, and another from the tumor-derived exosomes in circulating blood which can be secreted into the digestive tract along with the gastrointestinal secretions with an active (selective) process. It is probably that this active (selective) process causes the discrepancy in the expression of microRNA between tissues and stool samples. This hypothesis was proposed by Taylor and Gercel-Taylor (35) who observed that the tumor-derived exosomes in the blood of ovarian cancer patients contained the majority of the cancer-specific microRNA, while some microRNAs were uniquely elevated in the exosomes. These authors explained that there was compart-mentalization of microRNAs into exosomes and/or an active (selective) process in producing tumor-derived exosomes.
Another issue deserved to be mentioned is the selection of miR-16 as the normalizer in the present study. Previously, Link et al (21) successfully used miR-16 as a normalizer to screen and identify fecal microRNAs as potential biomarkers for colorectal cancer. microRNAs were also recommended as a normalizer by Genorm software (http://medgen.ugent.be/ genorm) (18) , which can calculate the gene expression stability to determine the most stable reference genes, and be regarded as the de facto standard with more than 2000 citations (cited by Google Scholar, September 2009).
The potential of fecal microRNAs as biomarkers for detecting PCa was evaluated through diagnostic characteristics although a small number of clinical samples were analyzed in this study. For differentiating the patients with pancreatic diseases (PCa and CP) from normal subjects, miR-181b and miR-210 had significant value, while miR-196a did not. However, in the present study, all three microRNAs failed to show power for differentiating PCa from CP, which might be due to the small number of subjects enrolled in this study. Currently, a larger study is ongoing in our department to specifically assess the ability of microRNAs for differentiating PCa from CP.
After analysis of the correlations of the three microRNAs with the clinical characteristics of the PCa cases, miR-196a was found to be positively correlated with the maximum diameter of the tumor. Previously, studies only showed that the relative abundance of miR-196a (28, 33) in sera of PCa patients (34) was a predictor of poor survival; however, the correlations between miR-196a and other clinical characteristic were not investigated. Thus, our novel observation on the correlation of fecal miR-196a with the tumor maximum diameter warrants further studies exploring the underlying mechanisms. More importantly, the significant overexpression of fecal miR-181b and miR-210 in PCa patients indicates that these microRNAs are new candidate biomarkers for the screening of early PCa evolution.
In conclusion, the methodology for the extraction and detection of fecal microRNAs is easy and reproducible. The fact that some microRNAs that are highly expressed in PCa tissues are not consistently expressed in stool samples suggests that the fecal cancer-specific microRNAs may be produced by secretions of digestive tract cells by an active (selective) process through tumor-derived exosomes. Moreover, miR-181b and miR-210 are increasingly expressed in the stool of patients with PCa compared with normal individuals, suggesting that these microRNAs may have potential to be used as new potential biomarkers for PCa screening.
